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L-FRAMES WITH BOTH FILTERED AND 
UNFILTERD REGIONS FOR MOTION 

COMENSATED TEMPORAL FILTERING IN 
WAVELET BASED CODING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t of US. 
Provisional Application Serial No. 60/395,921, ?led on Jul. 
15, 2002, the teachings of Which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to video 
compression, and more particularly, to Wavelet based coding 
utiliZing motion compensated temporal ?ltering that pro 
duces L-frames With both ?ltered and un?ltered regions. 

[0003] A number of the current video coding algorithms 
are based on motion compensated predictive coding, Which 
are considered hybrid schemes. In such hybrid schemes, 
temporal redundancy is reduced using motion compensa 
tion, While spatial redundancy is reduced by transform 
coding the residue of motion compensation. Commonly 
used transforms include the discrete cosine transform (DCT) 
or sub-band/Wavelet decompositions. Such schemes, hoW 
ever, lack ?exibility in terms of providing true scalable bit 
streams. 

[0004] Another type of scheme knoWn as 3D sub-band/ 
Wavelet (hereafter “3D Wavelet”) based coding has gained 
popularity especially in the current scenario of video trans 
mission over heterogeneous netWorks. These schemes are 
desirable in such application since very ?exible scalable bit 
streams and higher error resilience is provided. In 3D 
Wavelet coding, the Whole frame is transformed at a time 
instead of block by block as in DCT based coding. 

[0005] One component of 3D Wavelet schemes is motion 
compensated temporal ?ltering (MCTF), Which is per 
formed to reduce temporal redundancy. An eXample of 
MCTF is described in an article entitled “Motion-Compen 
sated 3-D Subband Coding of Video”, IEEE Transactions On 
Image Processing, Volume 8, No. 2, February 1999, by 
Seung-Jong Choi and John Woods, hereafter referred to as 
“Woods”. 

[0006] In Woods, frames are ?ltered temporally in the 
direction of motion before the spatial decomposition is 
performed. During the temporal ?ltering, some piXels are 
either not referenced or are referenced multiple times due to 
the nature of the motion in the scene and the covering/ 
uncovering of objects. Such piXels are knoWn as uncon 
nected piXels and require special handling, Which leads to 
reduced coding ef?ciency. An eXample of unconnected and 
connected piXels is shoWn in FIG. 1, Which Was taken from 
Woods. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed to a method and 
device for encoding video. According to the present inven 
tion, a ?rst region in a ?rst frame is matched to a second 
region in a second frame. A ?rst partially encoded frame is 
produced including a difference betWeen piXel values of the 
?rst and second region. Asecond partially encoded frame is 

Jan. 15, 2004 

produced including piXel values of either the ?rst or second 
region. Further, the ?rst and second partially encoded frame 
is transformed into Wavelet coef?cients. 

[0008] In one eXample, the second partially encoded frame 
including piXel values of either the ?rst or second region is 
produced if the quality of match betWeen the ?rst and second 
region is greater than a predetermined threshold. In another 
eXample, the second partially encoded frame including piXel 
values of either the ?rst or second region is produced if a 
number of bits to encode the second partially decoded frame 
is less than if an average of piXel values of the ?rst and 
second region is included in the second partially encoded 
frame. 

[0009] The present invention is directed to a method and 
device for decoding a bit-stream. According to the present 
invention, the bit-stream is entropy decoded to produce 
Wavelet coef?cients. The Wavelet coef?cients are trans 
formed into a ?rst partially decoded frame including a 
?ltered region and a second partially decoded frame includ 
ing an un?ltered region. A ?rst frame is produced including 
the piXel values of the ?ltered region and un?ltered region 
combined by either an addition or subtraction. Further, a 
second frame is produced including the piXel values of the 
un?ltered region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Referring noW to the draWings Were like reference 
numbers represent corresponding parts throughout: 

[0011] FIG. 1 is a diagram illustrating aspects of a knoWn 
motion compensated temporal ?ltering technique; 

[0012] FIG. 2 is a diagram illustrating one eXample of 
temporal ?ltering according to the present invention; 

[0013] FIG. 3 is a block diagram of one eXample of an 
encoder according to the present invention; 

[0014] FIG. 4 a block diagram illustrating one eXample of 
a 2D Wavelet transform; 

[0015] FIG. 5 is one eXample of a decoder according to 
the present invention; and 

[0016] FIG. 6 is one eXample of a system according to the 
present invention. 

DETAILED DESCRIPTION 

[0017] As previously described, one component of 3D 
Wavelet schemes is motion compensated temporal ?ltering 
(MCTF), Which is performed to reduce temporal redun 
dancy. In conventional MCTF, the frames are ?ltered in 
pairs. In particular, each pair of frames (A,B) are ?ltered into 
a pair of L and H-frames, using the motion vectors (vyyx) 
matching similar regions in each pair of frames, as folloWs: 

of each pair, Where c1 represents the scaling factor. In 
equation 2, H corresponds to the scaled difference of each 
pair, Where c2 represents the scaling factor. Since the 
L-frames represent temporally averaged frames, usually the 
L-frames are usually only displayed if the video is decoded 
at a loWer frame rate. Therefore, the L-frames should be of 
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a good quality since any artifacts produced in the decoded 
L-frames may lead to poor video quality at lower frame 
rates. 

[0019] The quality of L-frames is usually quite good When 
the quality of the motion estimation is good, ie a good 
match is found. HoWever, there are cases in video sequences 
Where a good match may not be found for regions betWeen 
tWo frames. Such cases include scene changes, rapid motion 
or covering and uncovering of objects in a particular scene. 
Thus, according to the present invention, the portions of 
L-frames corresponding to poor matches are left un?ltered, 
Which are de?ned as A-regions. This enables the visual 
quality of these regions not be affected even though a good 
match cannot be found. Further, it is also possible that by not 
?ltering across poorly matched regions the coding ef?ciency 
may be improved. 

[0020] One example of temporal ?ltering according to the 
present invention is shoWn in FIG. 2 In this example, tWo 
regions (shaded) are shoWn ?ltered so that L and H-regions 
are produced. Further, tWo other regions (un-shaded) are 
shoWn ?ltered so that A and H-regions are produced. As 
previously described, an A-region is a portion of a frame that 
Was left un?ltered. Since the L-regions are scaled during 
?ltering, it may also be necessary to scale the un?ltered 
A-regions in order to have the same magnitudes. This 
scaling of the A-regions may be expressed as folloWs: 

[0021] One example of encoder according to the present 
invention is shoWn in FIG. 3. As can be seen, the encoder 
includes a partitioning unit 2 for dividing the input video 
into a group of pictures (GOP), Which are encoded as a unit. 
According to the present invention, the partition unit 2 
operates so that the GOP includes a predetermined number 
of frames or are determined dynamically during operation 
based on parameters such as bandWidth, coding ef?ciency, 
and the video content. For instance, if the video consists of 
rapid scene changes and high motion, it is more ef?cient to 
have a shorter GOP, While if the video consists of mostly 
stationary objects, it is more ef?cient to have a longer GOP. 

[0022] As can be seen, a MCTF unit 4 is included that is 
made up of a motion estimation unit 6 and a temporal 
?ltering unit 8. During operation, the frames of each GOP 
Will be processed in pairs, Where each of the pairs include a 
source frame and a reference frame. Thus, the motion 
estimation unit 6 Will match regions in each of the source 
frames to similar regions in each of the reference frames. In 
one example, the motion estimation unit 6 Will perform 
backWard prediction. Thus, in this example, the source 
frame Will be a later frame and the reference frame Will be 
an earlier frame. In another example, the motion estimation 
unit 6 Will perform forWard prediction. Thus, in this 
example, the source frame Will be an earlier frame and the 
reference frame Will be a later frame. As a result of the above 
described matching, the motion estimation unit 6 Will pro 
vide a motion vector MV and a frame number for each 
region matched in the current frame being processed. 

[0023] During operation, the temporal ?ltering unit 8 
removes temporal redundancies betWeen each pair of 
frames. In order to perform this, the temporal ?ltering unit 
8 retrieves each of the tWo corresponding regions matched 
for each pair of frames according to the motion vectors and 
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frame reference numbers provided by the motion estimation 
unit 6. The temporal ?ltering unit 8 Will then produce a L and 
H-frame for each pair of frames being processed. 

[0024] In order to produce a H-frame, the temporal ?lter 
ing unit 8 calculates the difference betWeen the pixel values 
for each the tWo corresponding matched regions for each 
pair of frames. Preferably, the difference is then multiplied 
by a scaling factor. Examples of a suitable scaling factor 
Would include the inverse of the square root of tWo (1/\/ 2). 

[0025] In order to produce a L-frame, the temporal ?lter 
ing unit 8 Will determine for each of the tWo corresponding 
matched regions in each pair of frames Whether it should be 
an un?ltered A-region or should be ?ltered as an L-region. 
For each of the tWo corresponding matched regions that is 
determined to be a L-region, the temporal ?ltering unit 8 
calculates the average of the pixel values of the tWo regions. 
Preferably, the average of these tWo regions is then multi 
plied by a scaling factor. Examples of a suitable scaling 
factor Would include the square root of tWo (V2). 

[0026] For each of the tWo corresponding matched regions 
that is determined to be an A-region, the temporal ?ltering 
unit 8 Will select pixel values of one of the tWo regions to be 
included in each L-frame. Preferably, the temporal ?ltering 
unit 8 Will select the region from the reference frame. 
HoWever, according to the present invention, the region may 
also be selected from the source frame. In order to ensure 
proper decoding, it may be necessary to indicate to a decoder 
Whether each A-region Was selected from either the refer 
ence frame or source frame. This may be accomplished by 
some kind of ?ag or header that is associated With each 
L-frame. Further, it is also preferable that that the region 
selected be multiplied by a scaling factor. Examples of a 
suitable scaling factor Would include the inverse of the 
square root of tWo (1N2). 

[0027] As described above, the temporal ?ltering unit 8 
Will determine for each of the tWo corresponding matched 
regions in each pair of frames Whether it should an A-region 
or should be ?ltered as an L-region. According to the present 
invention, this may be done in a number of different Ways. 
In one example, this Will be determined based on the quality 
of the match betWeen the tWo corresponding regions. The 
quality of match may be determined by using a quality of 
match indication. Examples of a suitable quality of match 
indication include the mean absolute difference (MAD) or 
the mean squared error (MSE) betWeen the tWo correspond 
ing matched regions. The MAD betWeen tWo N><N regions 
xij and yij is calculated by the mean of the absolute pixel 
difference, as folloWs: 

N N (4) 

[0028] According to Equation 4, a smaller the MAD value 
implies a smaller difference betWeen the tWo regions and it 
may be concluded that the tWo regions are better matched. 
This value is sequence dependent, With loW motion 
sequences having smaller MAD values on the average, and 
high motion sequences having larger average MADs. On 
average, a reasonably good quality match has an MAD value 
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less than ?ve Thus, this threshold value may be used to 
determine Whether each of the tWo corresponding matched 
regions is a good a match or not. If the MAD value is less 
than ?ve (5), then those particular tWo corresponding 
matched regions Will be ?ltered as an L-region. If the MAD 
value is greater than this threshold, then those particular tWo 
matched regions Will be un?ltered as an A-region. 

[0029] In another example, it Will be determined Whether 
each of the tWo corresponding matched regions should be an 
A-region or should be ?ltered as an L-region based on the 
number of bits it takes to code the L-frames. In particular, for 
each of the tWo corresponding matched regions, the number 
of bits required to code each L-frame With and Without an 
A-region Will be calculated. If the number of bits is less With 
an A-region, then those particular tWo corresponding 
matched regions Will be left un?ltered as an A-region. If the 
number of bits is not less With an A-region, then those 
particular corresponding matched regions Will be ?ltered as 
an L-region. In this example, coding ef?ciency may be 
increased. 

[0030] The number of bits it takes to code the L-frames 
may be affected by the particular entropy encoding tech 
nique used. For example, the embedded Zerotree block 
coding (EZBC) technique is among the more popular 
entropy coding techniques for Wavelet based video coders. 
One of the features With such a scheme is that it requires 
feWer bits to code regions With localiZed data, as opposed to 
regions With data spread out. If the transformed coefficients 
(after temporal ?ltering and the spatial decomposition) are 
very clustered, With many large areas With very feW non 
Zero coef?cients, then EZBC requires less bits to compress 
ing the data. On the other hand, if the coef?cients are more 
spread out, then EZBC requires more bits. Therefore, the 
determination of Whether each of the tWo corresponding 
matched regions be left un?ltered as an A-region or ?ltered 
as a L-region may differ depending on the entropy encoding 
technique used. 

[0031] The above-described MCTF also may produce 
unconnected pixels. Therefore, the temporal ?ltering unit 8 
Will handle these unconnected pixels, as described in Woods. 

[0032] As can be seen, a spatial decomposition unit 10 is 
included to reduce the spatial redundancies in the frames 
provided by the MCTF unit 4. During operation, the frames 
received from the MCTF unit 4 are transformed into Wavelet 
coef?cients according to a 2D Wavelet transform. There are 
many different types of ?lters and implementations of the 
Wavelet transform. 

[0033] One example of a suitable 2D Wavelet transform is 
shoWn in FIG. 4. As can be seen, a frame is decomposed, 
using Wavelet ?lters into loW frequency and high frequency 
sub-bands. Since this is a 2-D transform there are three high 
frequency sub-bands (horiZontal, vertical and diagonal). The 
loW frequency sub-band is labeled the LL sub-band (loW in 
both horiZontal and vertical frequencies). These high fre 
quency sub-bands are labeled LH, HL and HH, correspond 
ing to horiZontal high frequency, vertical high frequency and 
both horiZontal and vertical high frequency. The loW fre 
quency sub-bands may be further decomposed recursively. 
In FIG. 3, WT stands for Wavelet transform. There are other 
Well knoWn Wavelet transform schemes described in a book 
entitled “AWavelet Tour of Signal Processing”, by Stephane 
Mallat, Academic Press, 1997. 
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[0034] Referring back to FIG. 3, the encoder may also 
include a signi?cance encoding unit 12 to encode the output 
of the spatial decomposition unit 10 according to signi? 
cance information. In this example, signi?cance may mean 
magnitude of the Wavelet coef?cient, Where larger coef? 
cients are more signi?cant than smaller coefficients. In this 
example, the signi?cance encoding unit 10 Will look at the 
Wavelet coefficients received from the spatial decomposition 
unit 10 and then reorder the Wavelet coef?cients according 
to magnitude. Thus, the Wavelet coef?cients having the 
largest magnitude Will be sent ?rst. One example of signi? 
cance encoding is Set Partitioning in Hierarchical Trees 
(SPIHT). This is described in the article entitled “A NeW 
Fast and Ef?cient Image Codec Based on Set Partitioning in 
Hierarchical Tress,” by A. Said and W. Pearhnan, IEEE 
Transactions on Circuits and Systems for Video Technology, 
vol. 6, June 1996. 

[0035] As can be seen from FIG. 3, dotted lines are 
included to indicate dependency betWeen some of the opera 
tions. In one instance, the motion estimation 6 is dependent 
on the nature of the signi?cance encoding 12. For example, 
the motion vectors produced by the motion estimation may 
be used to determine Which of the Wavelet coef?cients are 
more signi?cant. In another instance, the spatial decompo 
sition 10 may also be dependent on the type of the signi? 
cance encoding 12. For instance the number of levels of the 
Wavelet decomposition may be related to the number of 
signi?cant coefficients. 

[0036] As can be further seen, an entropy encoding unit 14 
is included to produce the output bit-stream. During opera 
tion, an entropy coding technique is applied to encode the 
Wavelet coef?cients into an output bit-stream. The entropy 
encoding technique is also applied to the motion vectors and 
frame numbers provided by the motion estimation unit 6. 
This information is included in the output bit-stream in order 
to enable decoding. Examples of a suitable entropy encoding 
technique include variable length encoding and arithmetic 
encoding. 
[0037] One example of a decoder according to the present 
invention is shoWn in FIG. 5. As previously described in 
regard to FIG. 3, the input video is divided into GOPs and 
each GOP is encoded as a unit. Thus, the input bit-stream 
may include one or more GOPs that Will also be decoded as 
a unit. The bit-stream Will also include a number of motion 
vectors MV and frame numbers that correspond to each 
frame in the GOP that Was previously motion compensated 
temporally ?ltered. 
[0038] As can be seen, the decoder includes an entropy 
decoding unit 16 for decoding the incoming bit-stream. 
During operation, the input bit-stream Will be decoded 
according to the inverse of the entropy coding technique 
performed on the encoding side. This entropy decoding Will 
produce Wavelet coef?cients that correspond to each GOP. 
Further, the entropy decoding produces a number of motion 
vectors and frame numbers that Will be utiliZed later. A 
signi?cance decoding unit 18 is included in order to decode 
the Wavelet coef?cients from the entropy decoding unit 16 
according to signi?cance information. Therefore, during 
operation, the Wavelet coef?cients Will be ordered according 
to the correct spatial order by using the inverse of the 
technique used on the encoder side. 

[0039] As can be further seen, a spatial recomposition unit 
20 is included to transform the Wavelet coef?cients from the 
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signi?cance decoding unit 18 into partially decoded frames. 
During operation, the Wavelet coef?cients corresponding to 
each GOP Will be transformed according to the inverse of 
the 2D Wavelet transform performed on the encoder side. 
This Will produce partially decoded frames that have been 
motion compensated temporally ?ltered according to the 
present invention. As previously described, the motion com 
pensated temporal ?ltering produces a pair of H and 
L-frames for each pair of frames processed. Further, accord 
ing to the present invention, the L-frames may include both 
un?ltered A-regions and ?ltered L-regions, as previously 
described. 

[0040] An inverse temporal ?ltering unit 22 is included to 
reconstruct the partially decoded frames from the spatial 
recomposition unit 20. During operation, the inverse tem 
poral ?ltering unit 22 processes each pair of H and L-frames 
included in each GOP, as folloWs. First, corresponding 
regions in each pair of H and L-frames are retrieved accord 
ing to the motion vectors and frame numbers provided by the 
entropy decoding unit 16. According to the present inven 
tion, each of the corresponding regions retrieved Will 
include either an L-region or a A-region from an L-frame 
and a region from an H-frame. As previously described, the 
A-region represents the un?ltered pixel values of one of tWo 
corresponding matched regions betWeen a pair of frames, the 
L-region represents the average of pixel values of the tWo 
corresponding matched regions and the region from the 
H-frame represents the difference betWeen the tWo corre 
sponding matched regions. Further, each of the retrieved 
corresponding regions are divided by the same scaling factor 
used on the encoder side. 

[0041] For each L-region included in the L-frames, a sum 
and difference is calculated for the pixel values of each 
L-region and the corresponding region in the H-frame. Each 
sum and difference is then divided by another scaling factor. 
An example of a suitable scaling factor Would be a value of 
tWo Each scaled sum and difference is then placed in the 
appropriate reconstructed frame. 

[0042] For each A-region included in the L-frames, it Will 
be passed along unchanged to the appropriate reconstructed 
frame after being initially scaled, as described above. As 
previously described, each L-frame may have an associated 
header or ?ag that indicates Whether a particular A-region 
Was selected from either a reference frame or source frame. 

Thus, each A-region may be placed in the appropriate 
reconstructed frame according to the information in the 
associated header or ?ag. Alternatively, the A-region may be 
placed in the appropriate frame according to a predeter 
mined convention. For example, it could be decided to select 
all A-regions from a reference frame for the Whole video 
sequence. 

[0043] Further, the pixel values for each A-region Will also 
be combined With pixel values from the corresponding 
region in the H-frame. According to the present invention, 
combining these pixel values may be done by either an 
addition or subtraction. For example, if backWard prediction 
Was used on the encoder side and the A-region originated 
from a reference frame, a subtraction may be preferable. 
Alternatively, if backWard prediction Was used on the 
encoder side and the A-region originated from a source 
frame, an addition may be preferable. Each of the values 
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derived from combining the A-region With the region in the 
H-frame is then placed in the appropriate reconstructed 
frame. 

[0044] One example of a system in Which the Wavelet 
based coding utiliZing motion compensated temporal ?lter 
ing that produces L-frames With both ?ltered and un?ltered 
regions according to the present invention may be imple 
mented is shoWn in FIG. 6. By Way of example, the system 
may represent a television, a set-top box, a desktop, laptop 
or palmtop computer, a personal digital assistant (PDA), a 
video/image storage device such as a video cassette recorder 
(VCR), a digital video recorder (DVR), a TiVO device, etc., 
as Well as portions or combinations of these and other 
devices. The system includes one or more video sources 26, 
one or more input/output devices 34, a processor 28, a 
memory 30 and a display device 36. 

[0045] The video/image source(s) 26 may represent, e.g., 
a television receiver, a VCR or other video/image storage 
device. The source(s) 26 may alternatively represent one or 
more netWork connections for receiving video from a server 
or servers over, e.g., a global computer communications 
netWork such as the Internet, a Wide area netWork, a met 
ropolitan area netWork, a local area netWork, a terrestrial 
broadcast system, a cable netWork, a satellite netWork, a 
Wireless netWork, or a telephone netWork, as Well as portions 
or combinations of these and other types of netWorks. 

[0046] The input/output devices 34, processor 28 and 
memory 30 communicate over a communication medium 
32. The communication medium 32 may represent, e.g., a 
bus, a communication netWork, one or more internal con 
nections of a circuit, circuit card or other device, as Well as 
portions and combinations of these and other communica 
tion media. Input video data from the source(s) 26 is 
processed in accordance With one or more softWare pro 
grams stored in memory 30 and executed by processor 28 in 
order to generate output video/images supplied to the dis 
play device 36. 

[0047] In particular, the softWare programs stored on 
memory 30 includes the Wavelet based coding as described 
previously in regard to FIGS. 3 and 5. In this embodiment, 
the Wavelet based coding is implemented by computer 
readable code executed by the system. The code may be 
stored in the memory 30 or read/doWnloaded from a 
memory medium such as a CD-ROM or ?oppy disk. In other 
embodiments, hardWare circuitry may be used in place of, or 
in combination With, softWare instructions to implement the 
invention. 

[0048] While the present invention has been described 
above in terms of speci?c examples, it is to be understood 
that the invention is not intended to be con?ned or limited 
to the examples disclosed herein. Therefore, the present 
invention is intended to cover various structures and modi 
?cations thereof included Within the spirit and scope of the 
appended claims. 

What is claimed is: 

1. A method for encoding video, comprising the steps of: 

matching a ?rst region in a ?rst frame to a second region 
in a second frame; 
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producing a ?rst partially encoded frame including a 
difference betWeen pixel values of the ?rst and second 
region; 

producing a second partially encoded frame including 
piXel values of either the ?rst or second region; and 

transforming the ?rst and second partially encoded frame 
into Wavelet coefficients. 

2. The method of claim 1, Which further includes encod 
ing the Wavelet coef?cients according to signi?cance infor 
mation. 

3. The method of claim 1, Which further includes entropy 
encoding the Wavelet coef?cients. 

4. The method of claim 1, Which further includes multi 
plying the difference betWeen piXel values of the ?rst and 
second region by a scaling factor. 

5. The method of claim 1, Which further includes multi 
plying the piXel values of either the ?rst or second region by 
a scaling factor. 

6. The method of claim 1, Which further includes: 

matching a third region in the ?rst frame to a fourth region 
in the second frame; 

including an average of piXel values of the third and 
fourth region in the second partially encoded frame. 

7. The method of claim 6, Which further includes multi 
plying the average of piXel values of the third and fourth 
region by a scaling factor. 

8. The method of claim 1, Wherein the producing the 
second partially encoded frame including piXel values of 
either the ?rst or second region is performed if a quality of 
match indication is greater than a predetermined threshold. 

9. The method of claim 1, Wherein the producing the 
second partially encoded frame including piXel values of 
either the ?rst or second region is performed if a number of 
bits to encode the second partially decoded frame is less than 
if an average of piXel values of the ?rst and second region 
is included in the second partially encoded frame. 

10. A memory medium including code for encoding 
video, the code comprising: 

a code for matching a ?rst region in a ?rst frame to a 
second region in a second frame; 

a code for producing a ?rst partially encoded frame 
including a difference betWeen piXel values of the ?rst 
and second region; 

a code for producing a second partially encoded frame 
including piXel values of either the ?rst or second 
region; and 

a code for transforming the ?rst and second partially 
encoded frames into Wavelet coef?cients. 

11. A device for encoding video, comprising: 

a motion estimation unit matching a ?rst region in a ?rst 
frame to a second region in a second frame; 

a temporally ?ltering unit for producing a ?rst partially 
encoded frame including a difference betWeen piXel 
values of the ?rst and second region and a second 
partially encoded frame including piXel values of either 
the ?rst or second region; and 

a spatial decomposition unit for transforming the ?rst and 
second partially encoded frame into Wavelet coef? 
cients. 
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12. A method of decoding a bit-stream, comprising the 
steps of: 

entropy decoding the bit-stream to produce Wavelet coef 
?cients; 

transforming the Wavelet coef?cients into a ?rst partially 
decoded frame including a ?ltered region and a second 
partially decoded frame including an un?ltered region: 

producing a ?rst frame including the piXel values of the 
?ltered region and un?ltered region combined; and 

producing a second frame including the piXel values of 
the un?ltered region. 

13. The method of claim 12, Which further includes 
dividing the ?ltered region by a scaling factor. 

14. The method of claim 12, Which further includes 
dividing the un?ltered region by a scaling factor. 

15. The method of claim 12, Wherein the piXel values of 
the ?ltered region and un?ltered region are combined by a 
subtraction. 

16. The method of claim 12, Wherein the piXel values of 
the ?ltered region and un?ltered region are combined by an 
addition. 

17. The method of claim 12, Wherein the un?ltered region 
includes piXel values of one of tWo matched regions. 

18. The method of claim 12, Wherein the ?ltered region 
includes a difference of piXel values from tWo matched 
regions. 

19. The method of claim 12, Which further includes 
decoding the Wavelet coef?cients according to signi?cance 
information. 

20. A device for decoding a bit-stream, comprising: 

an entropy decoding unit for decoding the bit-stream into 
Wavelet coef?cients; 

a spatial recomposition unit for transforming the Wavelet 
coef?cients into a ?rst partially decoded frame includ 
ing a ?ltered region and a second partially decoded 
frame including an un?ltered region; and 

an inverse temporal ?ltering unit for producing a ?rst 
frame including the piXel values of the ?ltered region 
and un?ltered region combined and a second frame 
including the piXel values of the un?ltered region. 

21. A memory medium including code for decoding a 
bit-stream, the code comprising: 

a code for entropy decoding the bit-stream to produce 
Wavelet coef?cients; 

a code for transforming the Wavelet coefficients into a ?rst 
partially decoded frame including a ?ltered region and 
a second partially decoded frame including an un?l 
tered region; and 

a code for producing a ?rst frame including the piXel 
values of the ?ltered region and un?ltered region 
combined; and 

a code for producing a second frame including the piXel 
values of the un?ltered region. 


